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ABSTRACT 



A tenninating element is connected between the terminating 
ends of a transmission line pair. A switching mechanism 
coupled to the originating ends of the transniission line pair 
steers a constant current through the transmission line pair. 
In response to input control signals, the switdiing mecha- 
nism steers the constant current in a complementary fashion 
into one of the lines of the transmission lines pair to creates 
a differential output voltage aaoss the tenninating element 
Controlling tfie diff^ential voltage by manipulating current 
flow allows for acurate control over V^^ and V^^, levels. 
Since the terminating clement is connected between termi- 
nating ends of die transmission line pair, nearly all of the 
constant cuirent flowing the driver contributes to the differ- 
ential output voltage, thereby reducing power undesirable 
power dissipation. Further, the alternating current flow 
through the transmission line pair creates a virtual ground at 
the center of the terminating element and thereby allows 
drivers in accordance with the present invention to obtain 
twice the output voltage swing of conventional transmission 
line drivers without requiring additional current In this 
manner, a further reduction in power consumption is 
achieved. 

5 Claims, 3 Drawing Sheets 
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FULLY COMPLEMENTARY DIFFERENTIAL 
OUTPUT DRIVER FOR HIGH SPEED 
DIGITAL COMMUNICATIONS 

BACKGROUND 

1. Rdd of the InvcntioQ 

The present invention relates generally to output drivers 
and specifically to ou^ut drivers for driving high speed 
transmission lines. 

2, Description of Related Art 

Ou^ut driven for driving cables interconnecting ICs. 
perijAcral devices, traces, and so on are well known. FIG. 1 
shows an emitter-coupJed logic (ECL) output driver 10 
fabricated using conventional bipolar tedinology. NPN tran- 
sistcrs Ql and Q2 form a differential pair which, in response 
to a voltage diflFcrcntial Vj-Vj, steers a bias cuirent I^ 
between resistors R^^ and R^, respectively, to produce a 
differential output voltage between nodes 12 and 14. Resis- 
tor R^^ sets die minimum voltage at node 12 and. thus, 
controls the voltage swing at node 12. In a similar manner, 
resistor R^j controls the voltage swing at node 14. 
Accordingly, icsistcnrs R^j and R^j control the differential 
signal level provided across the bases of NPN emitter- 
follower transistors Q3 and Q4. TVansistors Q3 and Q4 drive 
transmission lines Tj and Tj, respectively* with a low output 
in^^edance to minimize signal attenuation. Itansmission 
lines Tj and T^ have a diaracteristic impedance Zy of 
typically 50O. or 75St Terminating resistcrs R^ and Rj are 
connected between power supply V^^-and transmission lines 
Ti and Tj. respectively, and are typically chosen to match 
the characteristic impedance of lines T^ andT^, t.c., Ryu^R^ 

Mver 10 typically operates using a V^^ power supply of 
^^proximately 5V. In that case, the emitter of each of 
transistors Q3 and Q4 should swing between a maximum 
voltage ^off of approximately 4V and a minimum voltage 
^OL apjM-oximately 3V in a complementary manner 
depending upon the polarity of the input signal Vj-V^. It is 
this voltage signal ^o=^oh-^ol appearing between the 
respective emittas of transistors Q3 and Q4 that appears 
across transmission lines T^ and T3, where 

and 



A major disadvantage of driver 10 is that since the 
minimum emitter voltage of each of transistors Q3 and Q4 
is approximately 3V, a steady state current greater than 
^proximately SV/R^, will always flow in the collectors of 
Oransistor Q3 and Q4 of driver 10. Note that this steady state 
current does not contribute to the output signal provided to 
transmission lines Tj and Tj. The average total steady state 
current 1^^ flowing through load resistors R^ is given by the 
expression 

5Z 

The current results in a considerable amount of 
undesirable power dissipation in driver 10. Although it is 6S 
possible to reduce such power dissipation by tying the load 
resistors R^^ to a 2.5 volt power supply, such a configuration 
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would require an additional power supply. Further, since the 
voltage decay at the load resistors in an exponential fashion* 
raising die value of V^;^ to 2.5 volts would result in a slower 
falling edge. 

5 Other conventional bipolar drives employ only the dif- 
ferential pair of the above-described ECL driver 10 such that 
transmission line pair Tj, Tj is directly coupled to the 
collectors of the differential pair transistors. This 
configuration* which is referred to as current mode logic 

10 (CML), also suffen from the power dissipation problem 
described above. 

More recently, the above-mentioned ECL and CML 
topologies have been emulated in CMOS technology. For 
example, a CMOS implementation of CML techniques is 

15 described an article by Kyongho Lec et al entitled **A CMOS 
Serial Link For 1 Gbaud Fully Duplexed Data 
Communication." 1994 Symposium on VLSI Circuits 
Digest of Technical Papers, page 125. and a CMOS buffer 
emulating an ECL topology is described by Niantsu Wang in 

20 "Digital MOS Integrated Circuits." Prentice Hall (1989), 
page 156. Like dieir bipolar counterparts, these CMOS 
ou^t drivers all dissipate a considerable amount of power 
via a steady state current which does not contribute to the 
ou^t signaL Also note tfiat due to a lack of a semiconductor 

25 junction referenced source, such CMOS drivers are typically 
unable to maintain precise Voh a°<J ^ol levels. 

Such CMOS ou^ut drives are disadvantageous for sev- 
eral additional reasons. First, each drive transistor in the 
CMOS topology must be precisely sized to acconunodate 

30 not only the output signal Vq but also the DC power levels 
of a receiver (not shown) coupled to terminating resistors Rj 
and R2. Second, cadi of such drivers requires at its receiving 
terminal a connection to a power supply terminal. This 
tcnninal connection thus requires the two terminating rcsis- 

35 tors Rj and R^ plus at least three terminal nodes, thereby 
Increasing the silicon area consumed as well as driving up 
the manufacturing cost of the driver. These three terminal 
connections may also result in undesirable parasitics. 

40 SUMMARY 

An ou^t driver is disclosed herein which overcomes 
problems in the art described above. In accordance with the 
present invention, a terminating element is connected 
between the first ends of a transmission line pair. A constant 
current is steered in alternating directions through the trans- 
mission line pair by differential amplifiers connected 
between second ends of the transmission line pair and a bias 
circuit In this mannea:, a differential voltage having accu- 
rately controlled voltage separation between die high and 
low levels is generated aaoss the terminating element 
Connecting the terminating element directly across die first 
ends of the transmission line pair eliminates the need for 
power supply connections, tficreby saving silicon real estate. 
The alternating cuirent flow through the transmission line 
pair, in oreating a virtual ground at the center of the 
terminating element, allows drivers in accordance with the 
present invention to obtain twice the output voltage swing of 
conventional transmission line drivers without requiring 
additional current and, therefore, without increasing power 
consumption. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a schematic diagram of a conventional emitter- 
coupled logic output driver circuit; 

FIG. 2 is a block diagram of an output driver topology in 
accordance widi the present invention; and 
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FIG. 3 is a schexnatic diagram of one embodiment in 
accordance with the topology of FIG. 2. 

DETAILED DESCRffTION 

Embodiments in accordance with the present invention 
may be iixq>lemented as a near constant current differential 
driver and modelled as Four Norton equivalent current 
sources. Referring to FIG. 2, these current sources arc shown 
as sources I|. Ij. I^. and X*, where the current through each 
is equal to Iq. Note that those elements common to the circuit 
of FIG. 1 and the topology of FIG. 2 are labelled with the 
same notations. 

Current sources Ij and are coupled between a power 
supply V^^ and switches Si and Sj. respectively, and 
current sources I, and I4 are coupled between ground and 
switches 83 and S4. respectively. Switdies and 83 are 
coupled at node 22 to a first line Ti of a transmission line 
pair. Switches Sj and S4 are coupled at node 24 to a second 
line T2 of the transmission pair. A terminating element 26 is 
coupled between die receiving end of transmission line T| at 
node 28 and the receiving end of transnussion line at 
node 29. Since terminating clement 26 is coupled directly 
between transmission lines Tj and Tj, element 26 should 
have a resistance R© equal to fte sum of the characteristic 
impedances of transmission lines and Tj, i.e. Ro=2Zp 

Switches Si and S3 switch in phase with one another and 
180 degrees out of phase with each of switches Sj and S4 to 
effect an alternating current flow through the transmission 
line pairTi and T2 and resistance 26. This alternating current 
flow CTeates an ouqwit voltoge between nodes 22 and 24. 
For example, where driver 20 is coupled to receive an input 
logic signal A-from an attached circuit or cable (not shown), 
A is coupled to a controrterminal of switches Si and Sj and 
A is coupled to a control terminal of switdies ana sa- 'Thus, 
where signal A is high* switches Si and S3 conduct and 
switches 83 and S4 do not conduct A current I© flows from 
V^^ through transmission line and impedance 26 via 
switch Si. then back through transmission line and to 
ground via switch 83. This current flow creates voltage 
across terminating element 26, where Vo=Io* R3. Note that 
the polarity of when signal A is high is such so that node 
24 is at a maximum voltage V^^ and node 22 is at a 
minimum voltage Vc^. where the differential voltage 

When signal A goes low. switches S^ and S3 turn off and 
switches S3 and S4 turn on. Now, current Iq flows from 
through transmission line T^ via switch S2 and then to 
ground through terminating element 26 and transmission 
lineTz via switch 84. The differential voltage between nodes 
12 and 24. as given by Vq^Iq * Ro» is now of an opposite 
polarity sudi that node 22 is at a maximum voltage and 
node 24 is at a minimum voltage Vol- ^ ^ manner* the 
voltage is indicative of the logic state of signal A and may 
be detected by a receiver circuit (not shown) at terminating 
element 26. Thus, output driver 20 drives output signal 
by controlling the current through transmission lines T| and 
Tj. This is in marked contrast to the q^eration of prior an 
driver 10 of FIG. 1 and conventional EOUstyle CMOS 
drivers. 

The above described Norton equivalent current sources 
Ii~l4 are preferably implemented using any suitable CMOS 
current mirror iinplementation. In using such cunent 
mirrors, the current Iq may be expressed as: 



4 

^ where k^ is the transconductance. W is the gate width. L is 
the gate length. V,, is the gate to source voltage, and is 
the threshold voltage of the CMOS transistors (not shown) 
used in providing die current 1^. These transistors used t o 
l ^ovide the current Ip are preferably referenced to intemafl y 

10 controlled bias circuits (not shown) and may be switdied 6y 
T opic signals generated wiOun driver lO's host chip (n ot 
shown)^— 

~'~lntte above-described embodiment the current sources 
I^-l4 are set equal to each other. In other embodiments each 
of current sources II and 12 provides a slightly higher 
current than does each of current sources 13 and 14. This 
configuration forces the average voltage a{^>earing between 
nodes 22 and 24, e.g. Vq^^,, to move towards the positive 
supply Vo£>. thereby emulating an ECL-style ou^t signal. 
Setting sources I3 and I4 slightly higher than sources Ij and A 

^ I2 wUl. on the other hand, result in V»^.. being pushed I 
towards ground. In yet othCTembodimcnts, the currents | 
through sources 1^. Ij. I3, and ^ are set by a reference 
voltage to force Vq^ to some intermediate voltage. Ad just- 
able cunent levels enable one to adjust the average DC 

25 output voltage levels of driver 20 according to the operating 
chitfacteristics of a receiver circuit (hot shown) coupled 
Ifiereto. lajiis manner, driver 20 is able to achieve maxi - 
tom^cicn^y when coupled to any of numerous different 
rgyciyg circuits. 

30 FIG. 3 shows an ou^xit driver 30 in accordance with the 
topology of FIG. 2 which cnq)loys CMOS transistw pairs 
MP3, MP4 and MN3. MN4 in differential amplilier con- 
figurations. TYansistors MNl, MN2. MN5. MPO. MFl. MP2. 
and MPS. ^ch are preferably CMOS transistors, and a 

35 current source 32 coimectcd between ground potential and 
transistor MPO form a bias circuit which sources a bias 
current I to differential pair MP3, MP4 and sinks current I 
from differcntiaL~pair_.NfN3. MN4. TYansistors MNl and 
MN2 are of equal size, transistor MN3. MN4, and MN5 arc 

40 equal in size. transist<«^ MP3. MP4, and MPS are equal in 
size, and transistors MPO, MPl. and MP2 are equal in size. 
In this manner, jgnsistors MPl and MP2 mirror eg uaL 
c urrent I and ther^y source equal current to transistor MPS 
a qd to differential pair MP3. MP4. re spectively. In a similar 

45 mannerTtransistors MNl and MN2 sinks an equal current I 
from the source of transistor MN5 and from the common 
sources of transistors MN3 and MN4. respectively. Note that 
transistors MPS and MN5 are matched to differential pairs 
MP3. MP4 and MN3, MN4, respectively, to ensure ttiat die 

50 current I sourced to differendai pair MP3. MP4 is equal to 
the current sinked from differential pair MN3. MN4. Tran- 
sistors MP3 and MP4 steer, in response to input signals A 
and 7i provided to the respective gates ttiereof. a.diffiarentia L 
curr ent lAAI through transmission line pair Ti and T;. In a 

55 s^mlar maimer, traivsistors MN3 and MN4 c^ate as a 
current steering mechanism in response to input signals A 
and A provided at the respective control gates thereof. Jhus,. 
tr ansistor ^ rs MN3. MN4 and MP3. MP4 op erate in r 
•inanner siragarXo^Qiat of switches j^-^ of Ariver 20 (PyG. 

60 2> to steer current I in alternate directions throufth tcnninat: ^ 
ing element 2 6, t hereby producing a mitput di fferential 
vc^tag cJpdicadve of the input signal A^ Note that allbough 
the embodiment shown in RG. 3 employs CMOS transistors i 
as switches, it is to be understood that any suitable switching / 

65 devices may be so en^loyed therein. | 
When signal A is low (and X is thus high), transistors 
MN4 and MP3 are turned on and transiston MN3 and MP4 
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are turned off. The cuirent I sourced by transistor MP2 is 
steered entirely through transmission line via node 22. 
through terminating element 26. and then back through 
transmission line to ground via transistors MN4 and 
MN2. This direction of current flow through driver 30 s 
results in output differential voltage appearing between 
nodes 22 and 24 having a polarity such that node 22 is at the 
maximum voltage V^^:, and node 24 is at the minimum 
voltage V^£. When signal A transitions high (and Ais thus 
low), the current flow I in driver 30 is reversed which, as lo 
described above, reverses the polarity of the output differ- 
eatiai voltage Vq such that node 22 approaches V^^ and 
node 24 approaches V^//. 

Note that the scaling between transistors MNZ MP2 and 
transistors MNl. MPl may be altered to vary the amount of 15 
current sourced to transmission lines T^. T2 through tran- 
sistor MP2. In other words, transistors MN2 and MP2 may 
be fabricated so as to have an effective area m times that of 
respective transiston MNl and MPl so that a current 
Usm^Io flows through terminating element 2/6. 20 

The operation of output drivers in accordance with the 
present invention results in numerous advantages over con- 
ventional ou^ut drivers. As mentioned above, the present 
topology controls the ouq>ut voltage levels Voff and V^l *>y 
delivering a constant cuirent of alternating polarity to effect 25 
a differential voltage aaoss nodes 22 and 24, as opposed to 
switching voltage levels. Having such precise control over 
the current levels allows drivers 20 and 30 to maintain 
IH-ecise VON and V^j,^ levels over tcmpaature and process 
variations. 30 

Note that^aULoLifa e current 1 switched within driver 3 0 
flows through terminating clement 26 at the end of th e 
trgssmission line gair 1 i/f^^. irrespective of ttie binary sta te 
,, g^'in|arfsignal. e.g. signaJA. provided to driver 30. Tgu s> 
p^wei LSUppiy connections arc n ot required at the inpuTc^a 35 
r gpeiy sLd rcuit (not shown) coupled to driver 30. i.c.^ it is 
n ot Peoessarv to couple the ends of transmission lines T , an d 
XaOf drivCT 30 to via matched terminati ng imped ances. 
as is required for Instance by conventionaT^river 107^6 
resistors R, and R2 of FIG, 1). Elimination of such power 40 
supply connections results in a savings in silicon area and 
fabrication costs and also helps to minimize undesirable 
parasitics. 

The alternating current flow I through transmission lines 
Tj and creates a virtual ground at the "center" of 45 
terminating element 26. This coinplementary nature of the 
current flow Jq in driver 30 flowing through terminating 
element 26 allows driver 30 to obtain the same output 
voltage swing Vqh-^ol as that of conventional driver 10 
while using only half die current For exan^le, assuming a so 
diaracteristic impedance Zj^SO ohms, conventional driver 
10 requires a 4 mA current to pxKhice an ou^ut voltage 
swing equal to 200 mV Vo=4 mA * K^iZj^ while driver 30 
requires only a 2 mA current (V^p2 mA * R^s^ mA * 
7Lf=AZj) to produce a 200 mV Vq swing. In this manner, 55 
driver 30 is able to cut power consumption in half without 
any degradation in performance. Further, this reduction in 
power allows for the scaling down of transistors used in the 
fabrication of driver 30 and. thus, results in even greater 
savings in silicon area. 60 

While particular embodiments of the present invention 
have been shown and described, it will be apparent to those 



skilled in the art that changes and modifications may be 
made without departing from this invention in Its broader 
aspects and* therefore, die appended claims are to encom- 
pass within their scope all such changes and modifications as 
fall within the true spirit and scope of this invention. 
We claim: 

1. An output driver for driving a pair of transmission lines 
having a terminating element connected between respecdve 
receiving ends of said pair of transmission lines, said driver 
comprising: 

a bias circuit having; 
first and second terminals; 
a current source; 

a first current miiror coupled between said current 
source and said first terminal; and 

a second current mirror coupled between said first 
current miiror and said second terminal; 

a first differential amplifier connected between said first 
terminal of said bias circuit and respective first ends 
of said pair of transmission lines; and 

a second differential an^lifier connected between said 
second terminal of said bias circuit and respective 
first ends of said pair of transmission lines. 

2. The driver of claim 1 wherein said first diff^ential 
amplifier con^srises: 

a first transistor having a first terminal coupled to said first 
end of a first one of said pair of transmission lines, a 
second terminal coupled to said first terminal of said 
bias current dxcuit and a control terminal coupled to a 
first control node; and 

a second transistor having a first terminal coupled to said 
first end of a second one of said pair of transmission 
lines, a second terminal coupled to said first terminal of 
said bias current circuit, and a control terminal coupled 
to a second control node* 

3. The driver of claim 2. wherein said second differential 
amplifier conqsrises: 

a third transistor having a first terminal coupled to said 
first end of said first one of said pair of transmission 
lines, a second terminal coupled to said second terminal 
of said tiias current circuit, and a control terminal 
coupled to said second control node; and 

a fourth transistor having a first terminal coupled to said 
first end of said second one of said pair of transmission 
lines, a second terminal coupled to said second terminal 
of said bias current circuit, and a control terminal 
coupled to said first control node. 

4. The driver of claim 3. further comprising: 

a fifth transistor having a fint terminal coupled to said first 
current mirror, a control terminal, and a second tcxmi- 
nal; and 

a sixth transistor having a first terminal coupled to said 
second terminal of said fifth transistor, a control 
terminal, and a -second terminal coupled to said second 
current mirror. 

5. The driver of claim 4. wherein said first, second, and 
fifth transistors are matdied in size to one another, and said 
third, fourth, and sixth transi$tcff:s are matched in size to one 
another. 
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